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ABSTRACT Both fluoroquinolones (FQs) and third-generation cephalosporins (3rd-
GCs) are commonly prescribed to treat bloodstream infections, but comparative effi-
cacies between them were rarely studied. Demographics and clinical characteristics
of 733 adults with polymicrobial or monomicrobial community-onset bacteremia
empirically treated by an appropriate FQ (n � 87) or 3rd-GC (n � 646) were com-
pared. A critical illness (respectively, 8.0% versus 19.0%; P � 0.01), an initial syn-
drome with severe sepsis (33.3% versus 50.3%; P � 0.003), or a fatal outcome at 28
days (4.6% versus 10.5%; P � 0.08) was less common in the FQ group. A total of
645 (88.0%) patients were febrile at initial presentation, and the FQ group with (FQ
group versus 3rd-GC group, respectively, 7.6 days versus 12.0 days; P � 0.04) and
without (3.8 days versus 5.4 days; P � 0.001) a critical illness had a shorter time to
defervescence than the 3rd-GC group. By the propensity scores, 87 patients with ap-
propriate FQ therapy were matched with 435 treated by 3rd-GC therapy at a ratio of
1:5, and there were no significant differences in terms of bacteremia severity, comor-
bidity severity, major comorbidities, causative microorganisms, and bacteremia
sources between groups. Moreover, crude mortality rates at 28 days (FQ group ver-
sus 3rd-GC group, respectively, 4.6% versus 7.8%; P � 0.29) did not differ signifi-
cantly. However, the time to defervescence was shorter in the FQ group (4.2 � 3.6
versus 6.2 � 7.6 days; P � 0.001). Conclusively in the adults with community-onset
bacteremia, appropriate empirical FQ therapy was related to shorter time to defer-
vescence than with 3rd-GC therapy, at least for those without a critical illness.
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Bacteremia is associated with high morbidity and mortality that are associated with
significant health care costs (1). Community-onset bacteremia is a common infec-

tious disease, with an annual incidence of 0.82% in a population-based investigation
(2). Generally, several Gram-positive and Gram-negative pathogens, such as staphylo-
cocci, streptococci, Escherichia coli, and Klebsiella pneumoniae, are major causative
microorganisms of community onset bacteremia (2, 3).
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Fluoroquinolones (FQs) have a broad spectrum of antibacterial activity against
Gram-negative and Gram-positive aerobes (4). Thus, clinical applications of FQs largely
employed their potent activities for the treatment of several community-onset infec-
tions, such as urinary tract infections, pneumonia, intra-abdominal infections, skin and
soft tissue infections, and acute bacterial exacerbation of chronic bronchitis (5). Third-
generation cephalosporins (3rd-GCs) have been established as appropriate treatment
of various community-onset or community-acquired infections caused by susceptible
organisms (6, 7). However, with respect to empirical therapy, no clinical study has
verified the beneficial effects of FQ therapy compared to that with 3rd-GC therapy in
adults with community-onset bacteremia. Therefore, we aimed to compare the thera-
peutic efficacies of appropriate empirical FQ and 3rd-GC therapies in the management
of community-onset bacteremia.

RESULTS
Demographics and clinical characteristics of the study cohort. Of a total of 2,365

adults with community-onset bacteremia, 733 adults with community-onset bactere-
mia empirically intravenously treated by appropriate FQs (87 patients, 11.9%) or
3rd-GCs (646, 88.1%) were included according to the inclusion and exclusion criteria
(Fig. 1). The mean age of subjects was 67.6 years, and 375 (51.2%) were female.
Common comorbidities included hypertension (346 patients, 47.2%), diabetes mellitus
(266, 36.3%), malignancy (192, 26.2%), chronic hepatitis (164, 22.4%), neurological
disorder (135, 18.4%), liver cirrhosis (131, 17.9%), chronic kidney disease (119, 16.2%),
and coronary artery disease (66, 9.0%). Common sources of bacteremia were urinary
tract infections (258 patients, 35.2%), intra-abdominal infections (130, 17.7%), biliary
tract infections (96, 13.1%), pneumonia (72, 9.8%), liver abscess (57, 7.8%), primary
bacteremia (52, 7.1%), and skin and soft tissue infections (40, 5.5%).

Bacteremic isolates and susceptibility. Because of 243 polymicrobial and 2,122
monomicrobial bacteremia episodes, a total of 2,682 causative microorganisms from 2,365
patients were collected. Common pathogens included E. coli (974, or 36.3% of the isolates),
Klebsiella species (372, 13.9%), Staphylococcus aureus (319, 11.9%), Streptococcus species
(289, 10.8%), Pseudomonas species (91, 3.4%), Enterococcus species (90, 3.4%), Proteus

FIG 1 Patient selection flowchart. FQ, fluoroquinolone; 3rd-GC, third-generation cephalosporin. Patients
in the FC group included 36 treated with levofloxacin, 35 treated with ciprofloxacin, and 16 treated with
moxifloxacin (*). Patients in the 3rd-GC group included 303 patients treated with cefotaxime, 283 treated
with ceftriaxone, and 60 treated with ceftazidime (**).
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species (70, 2.6%), Salmonella species (59, 2.2%), Aeromonas species (45, 1.7%), and Entero-
bacter species (39, 1.5%). Of 319 S. aureus isolates, 37.0% (118 isolates) were resistant to
methicillin, and extended-spectrum �-lactamase (ESBL) production was found in 5.6% (79)
of 1,416 E. coli, Klebsiella species, and Proteus mirabilis (EKP) isolates. In contrast, of 787
isolates from 733 eligible adults, common pathogens included E. coli (359, or 45.6% of the
isolates), Klebsiella species (166, 21.1%), Streptococcus species (79, 10.0%), Staphylococcus
aureus (35, 4.4%), Salmonella species (30, 3.8%), Proteus species (20, 2.5%), Aeromonas
species (19, 2.4%), Enterobacter species (15, 1.9%), Vibrio species (10, 1.3%), and Pseudomo-
nas species (5, 0.6%). All 35 S. aureus isolates were susceptible to methicillin, and ESBL
production was found for 0.7% (4) of 544 EKP isolates.

For 2,682 isolates from 2,365 patients with community-onset bacteremia and 787
isolates from 733 eligible patients, the susceptibility rates of common pathogens to
cefotaxime, ceftazidime, and levofloxacin are demonstrated in Table 1. Overall, levo-
floxacin was active against 87.8% of 1,849 Gram-negative aerobes and 86.5% of 710
Gram-positive aerobes causing community-onset bacteremia. Cefotaxime or ceftazi-
dime was active against 86.1% to 96.6% or against 86.1% to 96.6%, respectively, of
different species of Gram-negative aerobes.

Comparisons of baseline characteristics between FQ and 3rd-GC groups. The
comparisons of clinical characteristics presented at bacteremia onset in the FQ and
3rd-GC groups are shown in Table 2. The numbers of female or elderly patients with
major pathogens, major sources of bacteremia, comorbidities, and comorbidity severity
(McCabe classification) were similar between the two groups. Only primary bacteremia
was more frequently observed in the FQ group, and a critical illness (Pitt bacteremia
score of �4; FQ group versus 3rd-CC group, respectively, 8.0% versus 19.0%; P � 0.01)
or an initial syndrome with severe sepsis (33.3% versus 50.3%; P � 0.003) or septic
shock (8.0% versus 20.3%; P � 0.006) was less frequent in the FQ group.

Clinical characteristics and outcomes of FQ and 3rd-GC groups with and
without a critical illness. According to Pitt bacteremia scores at bacteremia onset, all
733 eligible patients were categorized as either critically ill (score of �4; 130 patients,
or 17.7%) or not critically ill (score of �4; 603, 82.3%). Clinical characteristics and
outcomes of the individuals in the FQ and 3rd-GC groups were compared (Table 2).
Irrespective of the presence or absence of critical illness, gender, old age, polymicrobial
episodes, causative pathogens, types and severity of comorbidity and 3-day, 14-day,
and 28-day crude mortality rates were similar in the two groups. Among those without
a critical illness, only primary bacteremia was more common in the FQ group (13.8 for
the FQ group versus 6.9% for the 3rd-GC group; P � 0.03). Of note, among 645 patients

TABLE 1 Susceptibility of the common microorganisms causing community-onset
bacteremia in adults

Microorganism (no. of aerobes/
no. of isolates)a

Susceptibility rate (total isolates, eligible isolates
[%])b

Levofloxacin Cefotaxime Ceftazidime

Gram-negative aerobes (1,849/655)
Escherichia coli (974/359) 84.3, 89.5 89.5, 96.6 89.8, 96.6
Klebsiella species (372/166) 94.1, 100 89.5, 95.8 90.2, 95.8
Pseudomonas species (91/5) 100, 100 95.7, 100
Proteus species (70/20) 86.1, 87.5 86.1, 93.8 86.1, 93.8
Salmonella species (59/30) 93.1, 93.3 96.6, 100 96.6, 100
Aeromonas species (45/19) 95.5, 93.3 93.3, 93.3 93.3, 93.3
Enterobacter species (39/15) 93.5, 100 90.3, 100 90.3, 100

Gram-positive aerobes (710/118)
Staphylococcus aureus (319/35) 81.6, 100 63.0, 100c

Streptococcus species (289/79) 97.8, 98.5 95.6, 97.1
aIn addition to Gram-negative aerobes and Gram-positive aerobes, anaerobes accounting for 4.6% of 123
organisms and 1.8% of 14 isolates were not tested for susceptibility.

bValues were calculated on the basis of a total of 2,682 isolates and 787 eligible isolates (the full cohort).
cThe percentages of methicillin sensitivity among S. aureus isolates.
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with febrile illness at initial presentation, the time to defervescence was shorter in the
FQ group in patients with (7.6 days versus 12.0 days; P � 0.04) and without (3.8 days
versus 5.4 days; P � 0.001) a critical illness than for the corresponding individuals in the
3rd-GC group.

Predictors of 28-day mortality. The association of clinical variables, including age,
gender, bacteremia severity, bacteremia sources, type and severity of comorbidities,
and causative pathogens with 28-day crude mortality was examined by univariate
analysis in 733 patients (Table 3). Several variables were positively associated with
28-day mortality: an underlying fatal comorbidity (McCabe classification; odds ratio
[OR], 3.65; 95% confidence interval [CI], 2.22 to 6.02; P � 0.001), critical illness (Pitt
bacteremia score of �4; OR, 9.12; 95% CI, 5.42 to 15.33; P � 0.001), bacteremic

TABLE 2 Clinical characteristics, responses, and outcomes for 733 adults with community-onset bacteremiaa

Parameter

Value for the total cohort
Value for patients with Pitt
bacteremia score of >4

Value for patients with Pitt
bacteremia score of <4

FQ (n � 87)
3rd-GC
(n � 646)

P
value

FQ
(n � 7)

3rd-GC
(n � 123)

P
value FQ (n � 80)

3rd-GC
(n � 523)

P
value

Female gender (no. of patients [%]) 44 (50.6) 331 (51.2) 0.91 3 (42.9) 63 (51.2) 0.72 41 (51.2) 268 (51.2) 1.00
Age of �65 yr (no. of patients [%]) 50 (57.5) 402 (62.2) 0.39 6 (85.7) 82 (66.7) 0.43 44 (55.0) 320 (61.2) 0.29
Clinical profile (no. of patients [%])

Polymicrobial episodes 7 (8.0) 44 (6.8) 0.67 1 (14.3) 11 (8.9) 0.50 6 (7.5) 33 (6.3) 0.69
Initial syndrome

Severe sepsis 29 (33.3) 325 (50.3) 0.003 7 (100) 119 (96.7) 1.00 22 (27.5) 206 (39.4) 0.04
Septic shock 7 (8.0) 131 (20.3) 0.006 3 (42.9) 82 (66.7) 0.23 4 (5.0) 49 (9.4) 0.20

Major causative microorganisms
Escherichia coli 45 (51.7) 314 (48.6) 0.59 3 (42.9) 52 (42.3) 1.00 42 (52.5) 262 (50.1) 0.69
Klebsiella species 15 (17.2) 151 (23.4) 0.20 2 (28.6) 27 (22.0) 0.65 13 (16.2) 124 (23.7) 0.14
Streptococcus species 10 (11.5) 69 (10.7) 0.82 1 (14.3) 13 (10.6) 0.56 9 (11.2) 56 (10.7) 0.88
Staphylococcus aureus 3 (3.4) 32 (5.0) 0.79 0 (0) 8 (6.5) 1.00 3 (3.8) 24 (4.6) 1.00
Proteus species 0 (0) 20 (3.1) 0.15 0 (0) 8 (6.5) 1.00 0 (0) 12 (2.3) 0.38

Major source of bacteremia
Urinary tract infection 33 (37.9) 255 (34.8) 0.57 2 (28.6) 42 (34.1) 1.00 31 (38.8) 183 (35.0) 0.51
Biliary tract infection 13 (14.9) 83 (12.8) 0.59 0 (0) 11 (8.9) 1.00 13 (16.2) 72 (13.8) 0.55
Intra-abdominal infection 12 (13.8) 118 (18.3) 0.31 0 (0) 22 (17.9) 0.60 12 (15.0) 96 (18.4) 0.47
Primary bacteremia 11 (12.6) 41 (6.3) 0.03 0 (0) 5 (4.1) 1.00 11 (13.8) 36 (6.9) 0.03
Pneumonia 9 (10.3) 63 (9.8) 0.86 3 (42.9) 27 (22.0) 0.20 6 (7.5) 36 (6.9) 0.84

Major comorbidities
Hypertension 47 (54.0) 299 (46.3) 0.18 6 (85.7) 55 (44.7) 0.05 41 (51.2) 244 (46.7) 0.44
Diabetes mellitus 26 (29.9) 240 (37.2) 0.19 3 (42.9) 42 (34.1) 0.69 23 (28.8) 198 (37.9) 0.12
Malignancy 22 (25.3) 170 (26.3) 0.84 4 (57.1) 33 (26.8) 0.10 18 (22.5) 137 (26.2) 0.48
Chronic kidney disease 18 (20.7) 101 (15.6) 0.23 1 (14.3) 17 (13.8) 1.00 17 (21.2) 84 (16.1) 0.25
Neurological disease 16 (18.4) 119 (18.4) 1.00 2 (28.6) 39 (31.7) 1.00 14 (17.5) 80 (15.3) 0.61
Chronic hepatitis 15 (17.2) 149 (23.1) 0.22 0 (0) 23 (18.7) 0.35 15 (18.8) 126 (24.1) 0.29
Liver cirrhosis 11 (12.6) 120 (18.6) 0.18 0 (0) 19 (15.4) 0.59 11 (13.8) 101 (19.3) 0.23
Ultimately or rapidly fatal

comorbidityb

16 (18.4) 155 (24.0) 0.25 2 (28.6) 30 (24.4) 1.00 14 (17.5) 125 (23.9) 0.21

Clinical outcome
Time to defervescence (days

[mean � SD])
4.2 � 3.6 6.6 � 7.9 �0.001 7.6 � 5.4 12.0 � 11.9 0.04 3.8 � 3.3 5.4 � 6.2 0.001

Defervescence within 5 days after
antimicrobial therapy (no. of
affected patients/total no. of
patients [%])c

67/81 (82.7) 327/564 (58.0) �0.001 5/6 (83.3) 40/102 (39.2) 0.08 62/75 (82.7) 287/462 (62.1) 0.001

Crude mortality rate (no. of
patients [%])

3-day 2 (2.3) 28 (4.3) 0.56 1 (14.3) 26 (21.1) 1.00 1 (1.2) 2 (0.4) 0.35
14-day 2 (2.3) 49 (7.6) 0.07 1 (14.3) 34 (27.6) 0.67 1 (1.2) 15 (2.9) 0.71
28-day 4 (4.6) 68 (10.5) 0.08 2 (28.6) 40 (32.5) 1.00 2 (2.5) 28 (5.4) 0.27

aPatients were empirically treated by appropriate fluoroquinolones or third-generation cephalosporins and categorized by critical (Pitt bacteremia score of �4) and
less critical (Pitt bacteremia score of �4) illness.

bMcCabe classification.
cValues represent adjusted patient totals: 645 febrile patients, including 108 with a Pitt bacteremia score of �4 and 537 with a Pitt bacteremia score of �4 at
admission.
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pneumonia (OR, 4.93; 95% CI, 2.75 to 8.82; P � 0.001), and comorbidities with liver
cirrhosis (OR, 1.91; 95% CI, 1.10 to 3.31; P � 0.02) or malignancy (OR, 2.85; 95% CI, 1.74
to 4.68; P � 0.001). In addition, bacteremia due to biliary tract infections (OR, 0.36; 95%
CI, 0.13 to 0.98; P � 0.046), liver abscess (OR, 0.15; 95% CI, 0.02 to 0.90; P � 0.03), or
urosepsis (OR, 0.37; 95% CI, 0.20 to 0.70; P � 0.001) and E. coli bacteremia (OR, 0.60; 95%
CI, 0.36 to 0.98; P � 0.04) were associated with a better outcome. Consequently, five
variables, i.e., fatal comorbidity (McCabe classification; adjusted OR [aOR], 2.76; 95% CI,
1.48 to 5.15; P � 0.001), critical illness (Pitt bacteremia score of �4; aOR, 9.24; 95% CI,
5.16 to 16.53; P � 0.001), bacteremic pneumonia (aOR, 2.45; 95% CI, 1.58 to 4.82; P �

0.007), urosepsis (aOR, 0.32; 95% CI, 0.21 to 0.56; P � 0.001), and underlying malignancy
(aOR, 2.82; 95% CI, 1.37 to 5.78; P � 0.005) were independently associated with 28-day
crude mortality in the multivariate regression model (Table 3).

Characteristics, clinical response, and outcomes of propensity-score-matched
cohort. Of the 646 patients with empirical 3rd-GC therapy, 435 were matched with 87
in the FQ group, with the closest propensity scores based on five independent
predictors of crude mortality, as indicated in Table 3. After matching, no significant
differences were noted between groups in terms of age, gender, bacteremia severity,
type and severity of comorbidity, initial syndrome, etiological microorganisms, and
bacteremia sources (Table 4). Furthermore, for the types of definitive antimicrobial
agents, 3-day (FQ group versus 3rd-GC group, respectively, 2.3% versus 2.8%; P � 1.00),
14-day (2.3% versus 5.3%, P � 0.41), and 28-day (4.6% versus 7.8%, P � 0.29) crude
mortality rates were similar. However, shorter periods of empirical intravenous (mean;
4.0 versus 5.3 days; P � 0.001) and total intravenous (mean; 8.6 versus 11.1 days; P �

0.007) antibiotic therapies were observed in the FQ group. Moreover, the time to
defervescence (4.2 versus 6.2 days; P � 0.001) and length of hospital stays (10.6 versus
13.6 days, P � 0.007) were significantly shorter in the FQ group. In a survival analysis
using Kaplan-Meier curves for febrile patients, a significant difference (P � 0.001) in the
time to defervescence was found between the FQ and 3rd-GC groups (Fig. 2).

In the analysis of matched febrile adults with empirical FQ and 3rd-GC therapies (Fig.
3), no differences in the time to defervescence were observed within the FQ group
(F � 0.99, df � [2, 78]; P � 0.36). Although the differences in the time to defervescence
within the 3rd-GC group were significant (F � 3.94, df � [2, 378]; P � 0.02), the time
to defervescence was longer for all 3rd-GCs, i.e., cefotaxime (5.2 days; P � 0.04),
ceftriaxone (7.5 days; P � 0.001), and ceftazidime (5.6 days; P � 0.03), than for the FQ
group (4.2 days).

Clinical predictors of defervescence within 5 days after antimicrobial therapy.
Since the mean period between the initiation of appropriate antimicrobial therapy and

TABLE 3 Risk factors of 28-day mortality in 733 adults with community-onset bacteremia

Variable at bacteremia onset

Patient outcome (no. of patients
[%]) Univariate analysis Multivariate analysis

Death (n � 72) Survival (n � 661) OR (95% CI)a P value
Adjusted OR
(95% CI) P value

Pitt bacteremia score of �4 at onset 42 (58.3) 88 (13.3) 9.12 (5.42–15.33) �0.001 9.24 (5.16–16.53) �0.001
Bacteremia source

Pneumonia 21 (29.2) 51 (7.7) 4.93 (2.75–8.82) �0.001 2.45 (1.58–4.82) 0.007
Urinary tract infection 13 (18.1) 245 (37.1) 0.37 (0.20–0.70) 0.001 0.32 (0.21–0.56) 0.001
Biliary tract infection 4 (5.6) 92 (13.9) 0.36 (0.13–0.98) 0.046 NSb NS
Liver abscess 1 (1.4) 56 (8.5) 0.15 (0.02–0.90) 0.03 NS NS

Ultimately or rapidly fatal comorbidityc 35 (48.6) 136 (20.6) 3.65 (2.22–6.02) �0.001 2.76 (1.48–5.15) 0.001

Escherichia coli bacteremia 27 (37.5) 332 (50.2) 0.60 (0.36–0.98) 0.04 NS NS
Major comorbidities

Malignancy 34 (47.2) 158 (23.9) 2.85 (1.74–4.68) �0.001 2.82 (1.37–5.78) 0.005
Liver cirrhosis 20 (27.8) 111 (16.8) 1.91 (1.10–3.31) 0.02 NS NS

aOR, odds ratio; CI, confidence interval.
bNS, not significant.
cMcCabe classification.

Empirical Fluoroquinolone Therapy for Bacteremia Antimicrobial Agents and Chemotherapy

February 2017 Volume 61 Issue 2 e02174-16 aac.asm.org 5

http://aac.asm.org


defervescence in 522 matched patients was approximately 5 days, the benefit of rapid
defervescence, which was arbitrarily defined as having defervescence within 5 days of
antimicrobial therapy, was examined among 645 febrile adults with community-onset
bacteremia (Table 5). In the multivariate regression analysis, appropriate empirical FQ
therapy (aOR, 3.26; 95% CI, 1.74 to 6.08; P � 0.001) and bacteremia related to biliary
tract infection (aOR, 2.02; 95% CI, 1.17 to 3.50; P � 0.01) were independently associated
with defervescence within 5 days (Table 5). However, concurrent liver abscess (aOR,
0.27; 95% CI, 0.15 to 0.50; P � 0.001) or pneumonia (aOR, 0.52; 95% CI, 0.28 to 0.84;
P � 0.03) and a critical illness (aOR, 0.38; 95% CI, 0.25 to 0.59; P � 0.001) were negatively
linked to defervescence within 5 days.

DISCUSSION

The choices of empirical antimicrobial agents in primary care clinics may be influ-
enced by many host variables, including prior antibiotic exposure, underlying diseases,

TABLE 4 Clinical characteristics and outcomes of patients with community-onset
bacteremia

Characteristic

Value for the groupa

P valueFQ (n � 87) 3rd-GC (n � 435)

No. (%) of females 44 (50.6) 240 (55.2) 0.43
Age (yr [mean � SD]) 65.7 � 16.9 68.1 � 15.7 0.20
Pitt bacteremia score of �4 at onset (no. of

patients [%])
7 (8.0) 35 (8.0) 1.00

Clinical profile (no. of patients [%])
Polymicrobial episode 7 (8.0) 25 (5.7) 0.42
Presence of major causative microorganisms

Escherichia coli 45 (51.7) 218 (50.1) 0.78
Klebsiella species 15 (17.2) 105 (24.1) 0.16
Streptococcus species 10 (11.5) 52 (12.0) 0.90
Staphylococcus aureus 3 (3.4) 14 (3.2) 1.00

Ultimately or rapidly fatal comorbidityb 16 (18.4) 90 (20.7) 0.63
Major comorbidities

Hypertension 47 (54.0) 203 (46.7) 0.21
Diabetes mellitus 26 (29.9) 161 (37.0) 0.21
Malignancy 22 (25.3) 111 (25.5) 0.96
Chronic kidney disease 18 (20.7) 68 (15.6) 0.25
Neurological disease 16 (18.4) 79 (18.2) 0.96
Chronic hepatitis 15 (17.2) 91 (20.9) 0.44
Liver cirrhosis 11 (12.6) 71 (16.3) 0.39

Major source of bacteremia
Urinary tract infection 33 (37.9) 169 (38.9) 0.87
Biliary tract infection 13 (14.9) 51 (11.7) 0.40
Intra-abdominal infection 12 (13.8) 67 (15.4) 0.70
Primary bacteremia 11 (12.6) 32 (7.4) 0.10
Pneumonia 9 (10.3) 42 (9.7) 0.84

Administration duration (days [mean � SD])
Empirical intravenous therapy 4.0 � 2.0 5.3 � 4.6 �0.001
Total intravenous antibiotic therapy 8.6 � 7.4 11.1 � 10.4 0.007

Length of hospitalization stay (days [mean � SD]) 10.6 � 8.4 13.6 � 12.5 0.007

Clinical outcome
Time to defervescence (days [mean � SD])c 4.2 � 3.6 6.2 � 7.6 �0.001
Defervescence within 5 days after antimicrobial

therapy (no. of patients [%])c

67 (82.7) 224 (59.1) �0.001

Crude mortality
3-day 2 (2.3) 12 (2.8) 1.00
14-day 2 (2.3) 23 (5.3) 0.41
28-day 4 (4.6) 34 (7.8) 0.29

aPatients were empirically treated by intravenous appropriate fluoroquinolone (FQ) or third-generation
cephalosporin (3rd-GC) and matched by propensity scores at a ratio of 1:5.

bMcCabe classification.
cPecentages reflect the fact that a total of 62 afebrile patients (6 FQ patients and 56 3rd-GC patients) were
excluded at admission.
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infection sources, bacteremia severity, or renal or hepatic dysfunction. Here, our
patients with a critical illness at bacteremia onset were more likely to receive empirical
3rd-GC therapy, and thus a propensity score-matched analysis to control several
covariates and to examine the association between the exposure of interest and the
outcome (8) was conducted. Consequently, in our matched cohort there were no
differences in terms of bacteremia severity, comorbidity type and severity, causative
microorganisms, bacteremia source, and 14-day or 28-day crude or sepsis-related
mortality, but the time to defervescence and the duration of intravenous antibiotic
therapy and of hospital stays were shorter in patients with appropriate empirical FQ
therapy. Prospective clinical trials are warranted to verify these therapeutic advantages
in clinical practice.

Since baseline characteristics of the 3rd-GC and FQ groups were controlled by the
propensity score matching, the matched cohort was not representative of the general
population of community-onset bacteremia in which 20.2% of 2,365 adults had a Pitt
bacteremia score of �4. In contrast, only 8.0% of 522 matched adults were critically ill.

FIG 2 Kaplan-Meier curves of the time to defervescence in 453 survivors within 1 week after bacteremia
onset who were empirically treated by intravenous fluoroquinolones or third-generation cephalosporins.
Of the total group of 522 matched patients, 62 afebrile patients at bacteremia onset and 7 febrile patients
who died within 7 days were excluded.

FIG 3 A box plot of the time to defervescence in 462 febrile matched patients empirically treated by a
fluoroquinolone or third-generation cephalosporin. CAZ, ceftazidime; CIP, ciprofloxacin; CRO, ceftriaxone;
CTX, cefotaxime; LVX, levofloxacin; MOX, moxifloxacin; SD, standard deviation.
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However, our further analyses support the beneficial effect of defervescence related to
empirical FQ therapy. A shorter time to defervescence among adults receiving appro-
priate empirical FQ therapy than for those in the 3rd-GC group was evident not only for
those with a critical illness but also for those without a critical illness.. Similarly, among
febrile patients with community-onset bacteremia visiting the emergency department
(ED) and empirically treated by an FQ or 3rd-GC, the multivariate regression analysis
supports the advantage of rapid defervescence related to empirical FQ therapy.

Using multivariate regression, several independent risk factors of short-term mor-
tality were recognized and assigned for scoring of the propensity match. Of impor-
tance, these predictors, including bacteremia severity at onset (9–11), comorbidity
severity (9, 10), bacteremic pneumonia (10), and underlying malignancy (11, 12), have
been evidenced in previous reports dealing with community-onset bacteremia. Addi-
tionally, another independent predictor linked to a better prognosis, urosepsis, was
documented among patients with bacteremia onset in the ED (11).

Because FQs have a broad spectrum of antibacterial activity (4), their clinical
applications are largely employed for major types of community-onset infection (5).
Thus, numerous studies discussing their efficacy in comparisons with various beta-
lactams were reported in the literature. Several previous studies indicated similar
therapeutic efficacies of FQs and beta-lactams in patients with intra-abdominal infec-
tions (respectively, moxifloxacin and ceftriaxone plus metronidazole) (13), urinary tract
infections (levofloxacin and doripenem) (14), acute bacterial exacerbation of chronic
bronchitis (ciprofloxacin and cefuroxime) (15), and severe sepsis (ciprofloxacin and
ceftazidime) (16). However, our study was the first to disclose the therapeutic benefit
of FQ therapy in comparison with 3rd-GC therapy for bloodstream infections and also

TABLE 5 Clinical predictors linked to defervescence within 5 days after antimicrobial therapy among 645 febrile adults with community-
onset bacteremiaa

Variable at bacteremia onset

Univariate analysis Multivariate analysis

OR (95% CI)b P value
Adjusted OR
(95% CI) P value

Age of �65 years 0.95 (0.69–1.31) 0.74
Female gender 1.04 (0.76–1.43) 0.79
Pitt bacteremia score of �4 0.35 (0.23–0.54) �0.001 0.38 (0.25–0.59) �0.001
Ultimately or rapidly fatal comorbidity (McCabe classification) 0.97 (0.66–1.43) 0.89
Polymicrobial episodes 1.16 (0.60–2.22) 0.66
Appropriate empirical fluoroquinolone therapy 3.47 (1.90–6.32) �0.001 3.26 (1.74–6.08) �0.001

Major sources of bacteremia
Biliary tract infection 2.37 (1.40–4.01) 0.001 2.02 (1.17 �3.50) 0.01
Urinary tract infection 1.31 (0.94–1.83) 0.11
Intra-abdominal infections 1.20 (0.79–1.83) 0.40
Skin and soft tissue infection 0.70 (0.35–1.41) 0.32
Pneumonia 0.44 (0.25–0.77) 0.004 0.52 (0.28 �0.94) 0.03
Liver abscess 0.29 (0.16–0.52) �0.001 0.27 (0.15–0.50) �0.001

Major causative microorganisms
Escherichia coli 1.67 (1.22–2.31) 0.002 NSc NS
Streptococcus species 1.02 (0.60–1.73) 0.94
Klebsiella species 0.58 (0.40–0.84) 0.004 NS NS
Staphylococcus aureus 0.54 (0.25–1.15) 0.10

Major comorbidities
Chronic kidney disease 1.48 (0.93–2.36) 0.10
Hypertension 1.24 (0.90–1.70) 0.19
Liver cirrhosis 1.04 (0.68–1.58) 0.86
Diabetes mellitus 1.00 (0.72–1.39) 0.99
Neurologic disorder 0.97 (0.64–1.47) 0.89
Malignancy 0.94 (0.65–1.35) 0.72

aPatients were empirically treated with appropriate fluoroquinolones or third-generation cephalosporins.
bOR, odds ratio; CI, confidence interval.
cNS � not significant.
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the first report using propensity score matching. Such a finding was consistent with
previous studies of community-acquired pneumonia (17, 18), in which a shorter period
of time to defervescence or better clinical efficacy was observed in patients treated by
FQs. It is likely that urinary tract infections, intra-abdominal infections, and pneumonia
accounted overall for 67% of our study cases, and thus a similar outcome efficacy of
empirical FQ and 3rd-GC therapies and an advantageous effect of FQ treatment on
defervescence were recognized.

Even though FQ resistance was emerging in the community (4, 5), FQs remained
active in vitro against �80% of Enterobacteriaceae, staphylococci, and streptococci in
Taiwan and the Asia-Pacific region (19, 20), and the Enterobacteriaceae were major
pathogens of community-onset bacteremia. In our study, levofloxacin was active in vitro
against at least 80% of major causative microorganisms causing community-onset
bacteremia and against 89 to 100% of the 787 isolates included in the empirical FQ and
3rd-GC groups. Accordingly, it is reasonable to choose FQ as the initial antimicrobial
therapy for community-onset bacteremia to take advantage of rapid defervescence and
shorter hospital stays.

Several limitations are inherent in the study design. First, three FQs and 3rd-GCs
were grouped together though they varied in chemical structures, pharmacokinetic
and pharmacodynamic characters, and antimicrobial spectra. However, our study found
similar times to defervescence among the matched patients treated by levofloxacin,
ciprofloxacin, or moxifloxacin. Therefore, the discrepancy in therapeutic efficacies
among FQs for community-acquired bacteremia might be ignored. In contrast, the
differences in the times to defervescence among 3rd-GCs were significant. However,
the time to defervescence in the matched patients treated by cefotaxime, ceftriaxone,
or ceftazidime was longer than that of the FQ group. Second, as a result of focusing on
critically ill patients, the sample size in the FQ group is small (n � 7), thereby limiting
the statistical power of comparisons between the FQ and 3rd-GC groups. However, the
beneficial influence of appropriate empirical FQ therapy on defervescence remained
significant despite the small sample size. Third, to assess the prognostic factors, patients
for whom clinical information was incomplete were contacted by telephone for infor-
mation retrieval. Only 1.7% (16) of 923 patients were excluded from our study for this
reason. Therefore, the bias was considered to exert little influence on the results.
Fourth, the negative impact of FQ prescription on promoting antimicrobial resistance
or Clostridium difficile infection and the cost saving of rapid defervescence and early
discharge were not evaluated. Fifth, even though levofloxacin as a representative FQ
could be a reasonable alternative to empirical therapy in the treatment of community-
onset bacteremia in the study hospital, our finding may not be generalized to other
regions where FQ resistance is substantial. Finally, we investigated only short-term
benefits of FQ therapy within 4 weeks after onset, and the long-term impact of FQ
therapy remains obscure.

In conclusion, in the adults with community-onset bacteremia, appropriate empir-
ical FQ therapy was related to a shorter time to defervescence than 3rd-GC therapy, at
least for those without a critical illness.

MATERIALS AND METHODS
Study design and sites. This retrospective cohort study was conducted from January 2008 to

December 2013 at the emergency department (ED) of a medical center in southern Taiwan. The study
hospital is a 1,200-bed, university-affiliated medical center with an annual ED census of approximate
70,000 patients. The study was approved by the institutional review board of the hospital (A-ER-101-213),
and informed consent was waived. The study results are reported according to a format recommended
by STROBE (Strengthening the Reporting of Observational Studies in Epidemiology).

Patient population. During the study period, blood cultures sampled at the ED were screened for
bacterial growth using a computer database. Medical information was retrieved for hospitalized cases of
positive blood cultures. Adults with polymicrobial or monomicrobial community-onset bacteremia with
empirical appropriate FQ or 3rd-GC therapy were included. Among the patients with multiple bacteremic
episodes, only the first episode was included for each patient. Patients were excluded if they were
empirically treated by combination therapy or inappropriate agents or if their clinical information was
incomplete.
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Data collection. By retrospective review of medical records of all eligible patients, the following
information was collected in a predetermined case form: demographic and clinical data, including age,
initial syndrome, vital signs at the ED, comorbidities, laboratory data, duration and type of antimicrobial
agents, bacteremia source, length of hospital stay, bacteremia severity (Pitt bacteremia score) at onset,
comorbidity severity (McCabe classification), date of defervescence, and patient outcome. The medical
records were reviewed by two authors, and any discrepancy was discussed. The primary endpoint was
the time to defervescence, and secondary endpoints included the duration of hospital stay, 3-day and
28-day crude mortality rates, and 28-day sepsis-related mortality rate.

Definitions. The term community-onset bacteremia indicates that the place of bacteremia onset was
the community, which includes long-term health care facilities, as previously described (9). Because the
susceptibility data were available approximately at 3 days after bacteremia onset, which was referred to
as the timing of blood culture sampling, empirical antibiotic therapy was defined as the drug prescribed
within 3 days after bacteremia onset, whereas definitive therapy referred to the antibiotic prescribed
when the susceptibility result was available (9). Polymicrobial bacteremia was defined as the isolation of
more than one microbial species from an episode. Defervescence was defined as an afebrile state in
which tympanic body temperature remained at less than 37.0°C for at least 24 h, and the time to
defervescence was defined as the period between defervescence and bacteremia onset. As previously
described (21), antibiotic therapy was considered to be appropriate if the route and dosage of an
antimicrobial agent were administered as recommended in the Sanford Guide (22) and if bacteremic
pathogens were susceptible in vitro to the prescribed agent based on the contemporary breakpoints
recommended by the Clinical and Laboratory Standards Institute (CLSI) (23). Inappropriate empirical
antibiotic therapy was defined as an instance in which the first dose of appropriate antimicrobial agent
was not administered within the first 24 h after blood cultures were drawn (21). The bacteremia severity
was graded according to the Pitt bacteremia score by a previously validated scoring system (24).
Comorbidities were defined as before (25), and malignancies included hematological malignancies and
solid tumors. The prognosis of underlying diseases was assessed by a previously delineated classification
system (26). Bacteremia sources were determined clinically on the basis of the presence of an active
infection site coincident with bacteremia or the isolation of a microorganism from other clinical
specimens before or on the same date as that of bacteremia onset. If the bacteremia source could not
be assigned to a specific site, it was classified as primary bacteremia.

Severe sepsis was defined as the coexistence of sepsis and at least one of the following signs or
symptoms of acute organ dysfunction or hypoperfusion: metabolic acidosis, arterial hypoxemia (PaO2 of
�75 mm Hg or PaO2/FiO2 of �250), oliguria (�0.03 liters/h for 3 h or 0.7 liters/24 h), coagulopathy
(increase in prothrombin time or a drop of platelet count by 50% or to �100 � 107 platelets/liter), or
encephalopathy (Glasgow coma score of �14) (27). Septic shock was defined as the presence of systemic
inflammatory response syndrome and a systolic blood pressure no higher than 90 mm Hg after a
crystalloid-fluid challenge of 20 to 30 ml per kilogram of body weight over a 30-min period or a blood
lactate concentration of 4 mmol/liter or higher (27). Crude mortality was defined as death from all causes.

Microbiological methods. Blood cultures were incubated in a Bactec 9240 instrument (Becton
Dickinson Diagnostic Systems, Sparks, MD, USA) for 5 days at 35°C. The species identification and in vitro
antimicrobial susceptibility tests were assessed and analyzed by a semiautomated system. Species
identification was determined by means of a Vitek 2 system (bioMérieux, Durham, NC). Bacteremic
aerobic isolates in the study period were prospectively collected, and antimicrobial susceptibility was
determined by the disk diffusion method, based on performance standards of CLSI in 2016 (23). The
tested drugs included cefotaxime, ceftazidime, and levofloxacin. If a patient was empirically treated by
other agents, such as ciprofloxacin, moxifloxacin, and ceftriaxone, the susceptibility of the specific drug
was measured. For E. coli, Klebsiella species, and Proteus mirabilis (EKP), extended-spectrum beta-
lactamase (ESBL) production was detected by a phenotypic confirmatory test with the cephalosporin-
clavulanate combination disks recommended by CLSI in 2009 (28).

Statistical analyses. Statistical analyses were performed using the Statistical Package for the Social
Science for Windows (version 20.0; Chicago, IL, USA). Demographic and clinical data, disease severity of
comorbidities and bacteremia, and patient outcomes were compared by a Fisher exact or Pearson
chi-square test for categorical variables and an independent t or Mann-Whitney test for continuous
variables. One-way analysis of variance (ANOVA) was used to compare differences of the time to
defervescence within the FQ or 3rd-GC group. To assess the independent predictors with adjusted odds
ratios, the variables of 28-day mortality in the univariate analysis with a P value of less than 0.05 were
included in a stepwise and backward multivariable logistic regression model. Kaplan-Meier curves and a
log rank test were used to compare the effect of empirical antibiotics on the time to defervescence. A
two-sided P value of less than 0.05 was regarded to be significant.

A propensity score-matched analysis was performed to control for confounding variables in the
choice of empirical antimicrobial agents. The propensity score was calculated by the independent
predictors of 28-day crude mortality assessed in a multivariable logistic regression model. Patients
receiving appropriate empirical FQ therapy were matched by individual propensity scores at a ratio of 1:5
with those receiving appropriate empirical 3rd-GC therapy. The matching by the closest total scores was
done manually based on a tolerance interval approach. As previously described (8), the matching
tolerance was a propensity score difference of 0.2, implying that a patient with empirical FQ therapy was
matched to one with empirical 3rd-GC therapy when the estimated probability of the latter receiving
empirical FQ therapy was within 20% of the estimated probability of the counterpart of empirical 3rd-GC
therapy.
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